Consider a general equilibrium framework where the marginal cost of extraction from several deposits of an exhaustible resource is constant in terms of an inexhaustible perfect substitute and differs between deposits. The instantaneous rate of production from the inexhaustible resource is subject to a capacity constraint. We show, under standard assumptions, that not only may it be optimal to begin using a high cost resource before a lower cost one is depleted, as shown in Kemp and Long (1980a) , but it may be optimal to begin using it strictly before the lower cost one is even put into use. Thus the intuitive principle, derived from partial equilibrium analysis, that when the rate of discount is positive natural resources should always be exploited in strictly increasing order of costs, not only does not hold in a general equilibrium context, but may be totally reversed.
Introduction
The intuitive principle that, with a positive rate of discount, natural resource deposits should always be exploited in strictly increasing order of constant marginal costs has been shown by Kemp and Long (1980a) not to hold in a general equilibrium framework 1 . They show that if the marginal cost of extraction is constant in terms of a inexhaustible perfect substitute, then it may be optimal to exploit both high and low cost exhaustible resource deposits simultaneously. Furthermore, they show that it may be optimal to begin using the inexhaustible substitute before having completely drawn down the exhaustible resource, although its cost is higher than that of even the highest cost exhaustible resource deposit. Their results therefore show that a strict sequencing in order of cost is not a necessary condition for optimality. This seems to leave intact a weaker formulation of the principle, which would be that a high cost resource must never be put into use before the lower cost ones have also been put into use. We show that this weaker version of the principle also fails. In other words, it may be optimal, in some entirely plausible situations, to begin using a high cost resource strictly before some lower cost one, thus totally reversing the intuition obtained from partial equilibrium analysis.
We show this by constructing an example of an optimal program where the inexhaustible substitute is put into use strictly before some lower cost deposit of the exhaustible resource. We make one fundamental change to the model of Kemp and Long, which consists in assuming that the productive capacity of the inexhaustible resource is finite. This seems like a natural assumption: an inexhaustible resource may be capable of indefinitely generating some output, but the rate of output will itself generally be limited by some capacity constraint. To fix ideas, one may think of the exhaustible resource as oil, from which energy can be produced. The inexhaustible resource may be thought of as a river that flows indefinitely and can be damned to also produce energy. Our assumption is that the production capacity of the river is fixed and finite. When this constraint is binding, there arises an incentive to make intertemporal tranfers which may only be made by conserving some of the exhaustible resource. We show that this incentive may lead to delaying the opening of a deposit of the exhaustible resource to the point of beginning the production from the more costly inexhaustible resource before that from the deposit. The reason is that the true marginal cost of using the exhaustible resource immediately should include the implicit opportunity cost of not having it available at a later date, when it could serve to alleviate the binding exogenous 1 The first explicit statement of this principle in a partial equilibrium framework is due to Herfindahl (1967) . It was also developed more formally by Solow and Wan (1976) . Kemp and Long (1980b) discuss the robustness of the partial equilibrium Herfindahl principle to various assumptions about costs. Weitzman (1976) also provides a way of generalising to arbitrary cost structures. More recently, Chakravorty and Krulce (1994) have shown that, in a partial equilibrium context, if the resources drawn from two deposits of exhaustible resources are differentiated on the demand side as well as on the cost side, then it may be optimal to exploit the two deposits simultaneously over some interval of time. On the other hand, Lewis (1982) has shown that in the general equilibrium model of Kemp and Long (1980a) , if the resource can be converted into capital which may either be consumed or stored for future consumption, and this capital grows while stored, then the optimality of a strict sequencing of extraction is reestablished. More recently, Geldrop and Withagen (1993) have studied a general equilibrium model of international trade where the different per unit cost of extracting the exhaustible resource in each country is constant in terms of the quantity of capital required but the rate of interest is determined on a perfectly competitive world market for capital services. They find that "simultaneous exploitation of different resources is inefficient". constraint on the rate of production of the substitute. The effect of this capacity constraint is distinct from and in addition to the phenomenon observed by Kemp and Long (1980a) . Their result can be explained by a desire to smooth the consumption path by reducing the impact of the jumps in costs that would occur if the heterogenous resources were used in strict sequence.
We present the details of the model in the next section. We will restrict attention to the case of two deposits of an exhaustible resource and one inexhaustible resource, since this is sufficient to prove our point. It will be clear to the reader that our result is easily extended to the case of more than two exhaustible resource deposits. In section 3, we develop the method of construction of the solution in the case where the economy has access to only one deposit of the exhaustible resource, along with the higher cost inexhaustible substitute. We then use the results of that section to show, in section 4, that when the economy has access to (at least) two deposits of the exhaustible resource, each of different extraction cost but each less costly than the inexhaustible substitute, then there exists some nondegenerate configuration of initial stocks for which it is optimal to keep the more costly of the two deposits intact until after the inexhaustible substitute has been brought into use. We conclude in section 5 with a discussion of the intuition behind this result.
The model
We pose the problem in a general equilibrium framework similar to that of Kemp and Long. The economy has access to two deposits of an exhaustible resource and a flow of some inexhaustible substitute. Labor is used either to draw from the exhaustible resource deposits or from the flow of the inexhaustible resource. Like Kemp and Long, we assume that the inexhaustible substitute can indefinitely yield a continuous flow of output. Unlike them we assume that this flow is bounded from above, which imposes a capacity constraint to its instantaneous rate of production. The production capacity of the inexhaustible resource is not storable. This means that whatever part of it is not used at some instant of time is lost forever.
To extract one unit from deposit i requires µ i units of labor. To produce one unit from the flow of inexhaustible resource requires η units of labor. We assume η > µ 2 > µ 1 . We will denote by Y i (t) the stock remaining in deposit i at time t. The amount extracted from deposit i at instant t will be denoted by y i (t) and that produced from the inexhaustible substitute by x(t) ≤x. The amountx is the production capacity of the inexhaustible substitute. If c(t) denotes the total consumption and w(t) the amount of labor required to produce it, then c(t) = x(t) + 2 i=1 y i (t) and w(t) = ηx(t) + 2 i=1 µ i y i (t). We will assume that population is constant and normalized to one, so that c(t) and w(t) also denote per capita quantities. Hence, w(t) ∈ [0, 1].
Consumers are identical and their utility function is given by u(c(t), l(t)), where l(t) = 1 − w(t) is leisure per capita 2 . The utility function is twice continuously differentiable, strictly increasing in c and l, strictly concave and bounded from above. It also satisfies lim l↓0 u l (c, l) = +∞ and lim c↓0 u c (c, l) = +∞. We will further assume that the isocline curves in the (c, l) plane are increasing 3 : the locus I σ = {(c, l)|u c (c, l)/u l (c, l) = σ, σ > 0} may be seen as the graph of some function l σ : (0, +∞) → (0, 1) such that dl σ /dc > 0. We will assume that the inexhaustible resource is scarce, in the sense that u c (x,l) − ηu l (x,l) > 0, wherel = 1 − ηx. The stationary state which will prevail after exhaustion of the exhaustible resource is constrained by the flow of the inexhaustible resource. Let T be the date of exhaustion of the exhaustible resource and letŪ (T ) denote the present value of the stationary program (x,l) beginning at T . ThusŪ
where ρ > 0 is the rate of discount. The problem of the planner who seeks to maximize total welfare can therefore be stated as max
x − x(t) ≥ 0 and x(t) ≥ 0
If we denote by λ i (t) the costate variable associated with the stock of the exhaustible resource i, then the Lagrangian associated with the maximization of the Hamiltonian at each instant t may be written
where the multiplier ν i (t) relates to the nonnegativity constraints on y i (t) and the interpretation of the multipliers α(t) and α(t) is self-evident.
An optimal program {x * (t), y * i (t), i = 1, 2}
T * 0 must satisfy, for all t ∈ [0, T * ], the following conditions:
together with the complementary slackness conditions α(t)x * (t) = 0 and α(t) ≥ 0 (8)
as well asλ
and, at T * , the transversality condition
Define F (T ) = H(T ) + dŪ (T )/dT , where
is the Hamiltonian evaluated along the optimal path for some given T . Condition (12) can be stated as F (T * ) = 0 and will be satisfied when x(T * ) =x and y i (T * ) = 0. Since at T * all the nonrenewable resource deposits have just been exhausted and the stationary program (x,l) begins, it must be the case that for all T > T * , F (T ) = 0. Furthermore, since (x * (T ), y * i (T )) = (x, 0), i = 1, 2, and hence (c
, is feasible for all T , it must be the case that F (T ) ≥ 0 for all T < T * . This, together with the fact that u(c(t), l(t)) is concave and hence so is the Hamiltonian, guarantees that conditions (6) to (12), along with (2) and (3) are sufficient for a maximum 4 . For ease of exposition, we will denote in what follows by v r (x(t), y(t)) and by v i (x(t), y(t)) the marginal net benefits of respectively the inexhaustible resource and the exhaustible resource i, where y(t) = (y 1 (t), y 2 (t)). That is
To investigate the properties of the optimal program and illustrate how the solution can be constructed, we will consider first the case where only one deposit (deposit i) of the exhaustible resource is available. Consequently, in that case we write, by a slight abuse of 0)). To illustrate the properties of the optimal program, we will refer frequently either to Figure 1 (in the case of one deposit of the exhaustible resource), or to Figure 2 (in the case of two deposits). On these figures, the straight line F i is the instantaneous production frontier in the (c, l) plane if only deposit i is being exploited. Similarly, the line F r is the production frontier when only the inexhaustible resource is being used. Assuming that the inexhaustible resource is scarce means first that only the upper part of the frontier F r (the segment [(0, 1), (x,l)]) is relevant and, second, that at (x,l) the slope of the indifference curve is greater in absolute value than the slope of F r . For any isocline I σ , we denote by
, 2, r}, the point at which the isocline intersects the frontier F h . Finally, F i is the frontier when the inexhaustible resource and deposit i of the exhaustible resource are being exploited simultaneously, with the inexhaustible resource being exploited at full capacity. We denote byĀ
) the point at which the isocline I σ intersectsF i .
The case of one exhaustible resource deposit and one inexhaustible resource
Consider the situation where only one deposit of the exhaustible resource is available, along with the inexhaustible substitute, and begin by assuming that only the exhaustible resource is exploited. From condition (11), we know that λ i (t) is a constant. Denote this constant λ i . Then, from (7), the first-order condition that determines y i (t) is
For any
) and let y a i (t, λ i ) be the unique solution of (13) on this interval. Hence we have u c (c(t), l(t))/u l (c(t), l(t)) = η at t = t a (λ i ). A glance at Figure 1 could be useful. Note that along the F i frontier, from A µ i i to (0, 1), the marginal rate of substitution between leisure and consumption (u c /u l ) increases from µ i to +∞, going through η at A η i , where the isocline I η crosses the straight line F i . Should λ i have been set to 0, we would have had y
moves up over time along the frontier F i , starting from some point between A µ i i and A η i , and attaining A η i at time t = t a (λ i ). Suppose now that both resources are exploited but that x(t) <x. Then the first-order conditions are
and
Condition (14) implies that 
The function x iη (c) takes the valuex when c =c 
, the per capita leisure-consumption path moves down the isocline I η towardsĀ
Suppose finally that both resources are being exploited, but that the inexhaustible resource is exploited at full capacity, so that x(t) =x. The first-order condition determining the extraction rate of the exhaustible resource then becomes
For any and (x,l) otherwise, attaining (x,l) at t = t c (λ i ). Now for any λ i ∈ (0, v i (x, 0)), let 
, k ∈ {c, l}, and α(t) = ν i (t) = 0. Then conditions (6) to (11) 
, then the first-order conditions (6) and (7) are satisfied by construction for α(t) = α(t) = ν i (t) = 0. Finally, if
, the per capita leisure-consumption path is moving up over time along the frontierF i betweenĀ η i and (x,l), so that u c /u l > η and hence u c −ηu (12) is satisfied.
If the initial stock of the exhaustible resource is sufficiently high, that is if
, then the optimal per capita leisure-consumption path is constituted of four phases: the three phases just described, followed by a stationary phase [t c (λ * i ), +∞), that begins when the exhaustible resource is depleted and during which c(t) =x and l(t) = 1−ηx.
, then the first phase, during which only the exhaustible resource is exploited is dropped. Finally, if
, then the initial stock of the exhaustible resource is sufficiently low that the inexhaustible resource is exploited at full capacity from the start.
It is worth noting two characteristics of the optimal program. The first is that although the unitary labor cost of the inexhaustible resource is higher than that of the exhaustible resource, the exploitation phases always overlap. Such an overlap also occurs in Kemp and Long (1980a) . In fact, the case they consider is one where the inexhaustible substitute is produced at all points along the optimal path. Their case therefore corresponds to one where circumstances dictate thatt a (λ i ) = 0. This is clearly not required for an overlap to occur. In fact an overlap will always occur if the inexhaustible resource is exploited at all. This is not due to the assumption that the productive capacity of the inexhaustible resource is limited, but to the necessity of smoothing consumption along the optimal path.
The second characteristic is that whereas consumption is always decreasing before attaining its stationary level, leisure may fluctuate along its optimal path. If the initial stock Y 0 i is sufficiently large, leisure first increases, then decreases and finally increases again up to its stationary level. It is only if Y 0 i is relatively small that leisure will increase monotically along the optimal path.
The case of two exhaustible resource deposits and one inexhaustible resource
Suppose now that the two deposits of the exhaustible resource are available, along with the flow of the inexhaustible resource. We show in this section that for a nondegenerate vector
2 ) of initial stocks in the two deposits, we may have the following sequence of six phases along the optimal paths (see Figure 2) , a sequence which involves the inexhaustible resource being put into use before the less costly deposit 2. Recall that η > µ 2 > µ 1 .
During a first phase, only the least costly deposit 1 of the exhaustible resource is exploited, at a decreasing rate. Starting from a point A 0 between A µ1 1 and A η 1 on the frontier F 1 , the per capita leisure-consumption path moves over time along F 1 to attain A η 1 . During the second phase, the leisure-consumption path moves along the isocline I η from A η 1 toĀ η 1 . Deposit 1 is still being exploited, deposit 2 is not, and the inexhaustible resource flow is brought into use. The rate of extraction from deposit 1 is decreasing while usage of the inexhaustible resource is increasing. At the end of the phase, the rate of exploitation of the inexhaustible resource is maximal (x(t) =x) and the rate of extraction from deposit 1 is strictly positive.
During phase three, deposit 1 continues to be exploited at a decreasing rate, while the inexhaustible resource continues to be exploited at full capacity. Deposit 2 is still not being exploited, even though it is less costly than the inexhaustible resource. The per capita leisure-consumption path is moving up alongF 1 , fromĀ η 1 toĀ σ 1 , whereĀ η 1 is the point where the frontierF 1 is crossed by some isocline I σ such that η < σ <σ = u c (x,l)/u l (x,l). During the fourth phase, the rate of extraction from deposit 1 is still positive but decreasing to attain zero at the end of the phase, at which point deposit 1 is exhausted. Extraction from deposit 2 starts at the beginning of the phase, at a rate which is increasing throughout the phase. The inexhaustible resource is still being exploited at full capacity 6 . The leisureconsumption path moves over time along the isocline I σ , fromĀ σ 1 toĀ σ 2 , whereĀ σ 2 is the crossing point of isocline I σ and the frontierF 2 . During the fifth phase, the rate of extraction from deposit 2 gradually decreases to zero and the deposit is exhausted at the end of the phase. The inexhaustible resource is still being exploited at full capacity. The leisure-consumption path is moving up along the frontierF 2 , fromĀ σ 2 to (x,l). The sixth and final phase is the stationary state (x,l). This sequence of exploitation is, as we shall see, the optimal sequence provided that the initial stock in deposit 1 is sufficiently large and that in deposit 2 sufficiently small. In order to show this, we proceed to show that there exists values of λ 1 and λ 2 such that a path of the type just described satisfies all the first-order conditions, along with all the complementary slackness conditions and the transversality condition. These values imply definite extraction 6 Note that because the inexhaustible substitute is being used at full capacity for all t during this phase, the indeterminacy in the optimal mix between the two deposits of the exhaustible resource observed in Kemp and Long (1980a) does not occur in the present case. They show that if the consumption of the inexhaustible substitute is strictly positive for all t in some interval of time, then, in that interval, "the order of exploitation of the deposits is within limits a matter of social indifference" (Proposition 2, page 668). But the proof of this rests on the possibility of increasing the consumption of the inexhaustible substitute over some subinterval of time. This is of course not possible if the inexhaustible resource is already being exploited at full capacity for all t in the interval, as is the case here. As already pointed out, Kemp and Long implicitly assume there is no upper bound to the rate of utilisation of the inexhaustible substitute. 
Figure 2: Two exhaustible resource deposits paths for both deposits. Therefore, if the vector of initial stocks Y 0 sustains these extraction paths, the values of these λ i 's are the optimal values and the paths are the optimal paths.
In order to generate an optimal path of the type just described, we first choose λ 1 ∈ (0, (η − µ 1 )u l (c η 1 , l η 1 )). Then, set t a (λ 1 , λ 2 ) equal to t a (λ i ) for i = 1, as defined in section 3. The value of λ 2 will be chosen later (see (17) and (18) , t a (λ 1 , λ 2 ) ), set y 1 (t, λ 1 , λ 2 ) equal to y a i (t, λ i ) for i = 1, again as defined in section 3, and set y 2 (t, λ 1 , λ 2 ) and x(t, λ 1 , λ 2 ) both equal to 0.
Similarly, let t b (λ 1 , λ 2 ) = t b (λ 1 ) and for any t ∈ [t a (λ 1 , λ 2 ), t b (λ 1 , λ 2 )) let y 1 (t, λ 1 , λ 2 ) = y b 1 (t, λ 1 ), y 2 (t, λ 1 , λ 2 ) = 0 and x(t, λ 1 , λ 2 ) = x 1b (t, λ 1 ), where t b (λ 1 ), y b 1 (t, λ 1 ) and x 1b (t, λ 1 ) are the functions t b (λ i ), y b i (t, λ i ) and x ib (t, λ i ) defined in the previous section, with i = 1. Next, choose some σ ∈ (η,σ), whereσ is the absolute value of the slope of the indifference curve through (x,l), and, for the interval [t b (λ 1 , λ 2 ), t c (λ 1 , λ 2 )), let y 1 (t, λ 1 , λ 2 ) = y c 1 (t, λ 1 ), y 2 (t, λ 1 , λ 2 ) = 0 and x(t, λ 1 , λ 2 ) =x. The upper bound of the time interval, t c (λ 1 , λ 2 ), is the time at which y Whenever both deposits of the exhaustible resource and the inexhaustible resource are all being exploited simultaneously, with the inexhaustible resource being exploited at full capacity, the first-order conditions determining y 1 (t) and y 2 (t) are
From conditions (17) it follows that
Given the value initially chosen for λ 1 , we choose λ 2 to satisfy (18). Note that any point a betweenĀ
2 ) on the isocline I σ determines a unique combination of the per capita exploitation rates of deposits 1 and 2, given that the inexhaustible resource is being exploited at full capacity. Hence, for any c ∈ (c σ 2 ,c σ 1 ) we may define two functions y σ i (c), i = 1, 2, such that
Then function y λ 2 ) ). For all t in this interval, define y i (t, λ 1 , λ 2 ), for i = 1, 2, λ 2 ) , t e (λ 1 , λ 2 )) where t e (λ 1 , λ 2 ) is the solution to v 2 (x, 0, 0) = e ρt λ 2 . For all t in this interval, set x(t, λ 1 , λ 2 ) =x, y 1 (t, λ 1 , λ 2 ) = 0 and y 2 (t, λ 1 , λ 2 ) = y c 2 (t, λ 2 ), where y c 2 (t, λ 2 ) is the function y b i (t, λ i ) defined in the previous section, with i = 2.
Having described a path that has the desired characteristics, there remains to show that it satisfies all the first-order conditions, the complementary slackness conditions and the transversality condition. Concerning conditions (6), (8) and (9), that relate to x(t, λ 1 , λ 2 ), the proof runs exactly as in the case examined in the previous section. This is because, as in the case where there is only one deposit of the exhaustible resource, on the first time interval, [0, t a (λ 1 , λ 2 )), we have MRS(t) < η and x(t, λ 1 , λ 2 ) = 0, on the second time interval, [t a (λ 1 , λ 2 ), t b (λ 1 , λ 2 )), we have MRS(t) = η and 0 < x(t, λ 1 , λ 2 ) <x and from t b (λ 1 , λ 2 ) onwards, we have M RS(t) > η and x(t, λ 1 , λ 2 ) =x. Thus we are left with the conditions relating to y i (t, λ 1 , λ 2 ), i = 1, 2, for the time intervals on which one of these extraction rates is equal to 0.
For t ∈ [0, t c (λ 1 , λ 2 )), we must have
Conditions (19) and (20), and the choice of λ 2 (equation (18)), imply
Since the left-hand side of (21) increases with M RS(t), and since M RS(t) < σ on that time interval, we can conclude that (21) is satisfied on the interval. Therefore, if we set ν 2 (t) = e −ρt λ 2 − v 2 (x(t, λ 1 , λ 2 ), y 1 (t, λ 1 , λ 2 ), 0) and ν 1 (t) = 0, all the necessary conditions are met on the time interval [0, t c (λ 1 , λ 2 )).
For t ∈ [t d (λ 1 , λ 2 ), t e (λ 1 , λ 2 )), we must have
In this case, conditions (22) and (23), and the choice of λ 2 (equation (18)), imply
Since the left-hand side of (24) increases with M RS(t), and since M RS(t) > σ on that time interval, it is clear that (24) is satisfied on the interval. Therefore, if we set ν 1 (t) = e −ρt λ 1 − v 1 (x, 0, y 2 (t, λ 1 , λ 2 )) and ν 2 (t) = 0, all the necessary conditions are met on the time
2 ) therefore denotes the initial size of deposit i of the exhaustible resource necessary to sustain the extraction paths
, it is clear that the transversality condition (12) is satisfied at T * = t e (λ * 1 , λ * 2 ). Note that the sequencing of the phases along the optimal paths is left unchanged by slight perturbations of the parameters. Hence this order of exploitation is not a mere curiosum, in the sense that the subset of initial stocks for which such paths occur at the optimum is not of measure zero.
Concluding remarks
The fact that the inexhaustible resource is scarce, in the sense that the capacity constraint on the instantaneous rate of production from that resource becomes binding in the stationary state prevailing once the exhaustible resource is completely depleted, is essential to the result that the resources may be brought into use in the reverse order of cost. For suppose it is not, which would obviously be the case if there were no capacity constraint at all. Then the exploitation program described in section 4 can always be improved upon in the following way. At the end of phase two, when only deposit 1 and the inexhaustible resource are being used, reduce the production from the inexhaustible resource by one unit over some subinterval of time and replace it by the extraction of one unit from deposit 2 over the same subinterval. The immediate effect is a reduction in the labor cost during phase two, since the inexhaustible resource is more costly to exploit than deposit 2 of the exhaustible resource. But since the stock in deposit 2 is finite, this requires a compensating reduction in the extraction from this deposit over some subinterval of either phase four or phase five. If there is no capacity constraint to the production from the inexhaustible resource, then this reduction can be completetly replaced by increasing the use of the inexhaustible resource. This increases the labor cost during phase four or five, but, the discount rate being positive, the net effect is a reduction in the discounted labor cost for an unchanged per capita consumption path. In fact the net increase in welfare from this transfer will exceed that due simply to the discount rate effect at a constant marginal labor cost. This is because per capita leisure is lower, and hence the instantaneous marginal labor cost in terms of utility higher, at the end of phase two than during all of phases four and five (see Figure 2) . However, when there is a binding capacity constraint on the rate of exploitation from the inexhaustible resource, as is the case beginning with phase three of the program described in section 4, the increase in the production from this resource required to carry out such a welfare increasing intertemporal arbitrage is not possible.
To delay the exploitation of a higher cost exhaustible resource deposit can in fact be an optimal way of carrying out a welfare improving intertemporal transfer in the presence of a scarce inexhaustible resource. For whenever the capacity constraint on the inexhaustible resource is going to bind at some point along the optimal program, thus making it scarce, there is an underlying incentive to store some of the unused flow of the resource during a phase when it is not exploited at full capacity, in order to alleviate the effect of the constraint at some future date. Storage of the inexhaustible resource is however not possible. The next best thing, as we have shown, may be to store some of the more costly exhaustible resource by delaying the start of its exploitation until after the inexhaustible resource has already been put into use. Put differently, in a general equilibrium context, the full marginal cost of using the exhaustible resource immediately should then include the implicit marginal value of foregoing the opportunity to use it at some later date in order to alleviate the capacity constraint on the inexhaustible substitute. What we have shown is that this full marginal cost may exceed the cost of production from the inexhaustible substitute, even though the latter is higher than the actual cost of extracting the exhaustible resource in question. As we have already pointed out, this completely reverses the ordering which would appear optimal from partial equilibrium analysis.
Notice that when there is no capacity constraint on the production rate of the inexhaustible substitute, there remains an incentive to simultaneously employ high and low cost resources. This is what Kemp and Long (1980) have shown. The higher cost resource is put into use before exhaustion of the lower cost one in order to reduce the impact on consumption of the jumps in cost that would occur if the low cost resource were to be suddenly abandoned in favor of the higher cost one. In itself, however, a desire to smooth the consumption path cannot justify using the high cost substitute before a lower cost exhaustible resource has been put into use. This only occurs when the capacity constraint on the production rate of the inexhaustible substitute will eventually become binding, thus introducing an incentive to store the unstorable inexhaustible substitute in a phase when it is not being used at full capacity. The two incentives are quite distinct and are cumulative.
